INTRODUCTION
The base of the mineral and raw material of the nickel industry in Russia is formed of sulfide coppernickel ores of the Noril'sk and Pechenga industrial regions. Their part is no smaller than 85% of the con firmed nickel reserves of the country and 92-93% of the all Russia mining of nickel and cobalt [1] .
The topicality of the works directed at increasing indices of concentration of copper-nickel ores is determined by the reserves of increasing the complete ness of recovery of nonferrous metals doe to lowering their loss with damp tails. In this case it is possible to refuse the ground storing the concentration tails and use them as a backfill material during mining works, which lowers the ecological load on the environment [2, 3] .
This study is aimed at the concentration technol ogy of the copper-nickel feedstock, including that of a technogeneous nature, based on the application of the jet flotation flowchart [4, 5] and flotation with steam-air mixture [6, 7] , which ensures the process run with maximal technical and economical effi ciency.
INVESTIGATION PROCEDURES
We consider the method of flotation differing by the fact that a mixture of air with hot water steam (t g = 104°C, p g = 0.12-0.15 MPa) [7, 8] is supplied into a flotation machine, including that of a column type [6] . Flotation by air and thermally loaded bubbles is per formed in a cold pulp (t p = 18-20°C).
Theoretical Part
It follows from the results of a numerical analysis of the equation [9] (1)
where T ν and T l are temperatures, °C (indices "ν" and "l" are referred to hot (steam) and cold (liquid) heat carriers); α is the heat transfer coefficient, W/(m 2 K); R is the bubble radius, m; c ν is the heat capacity coefficient, J/(K kg); ρ ν is the density, Abstract-A method of flotation is investigated in which a mixture of air with saturated water steam is used as a gas phase. When steam contacts liquid, the boundary layer of the bubble is heated due to the heat of con densation, which is further spent for steam evaporation-the bubble is broadened and forces out the "hot" layer from the surface into the bulk, while its place is occupied by underheated liquid and condensation repeats. The wavelike repetition of condensation ↔ evaporation processes determines the damping pulsa tions of the bubble surface, which varies the result of flotation. The flotation method by the air steam mixture is used when concentrating the copper-nickel feedstock by the scheme "in two jets": the crude concentrate of the first flotation jet is isolated from 1/2 part of the initial feedstock, it is mixed with another 1/2 part of the ore, and the ready crude concentrate of the second flotation jet is isolated using aerosol column flotation. When concentrating the ores of the Pechenga region (Russia) by the flow chart with the jet motion of the ini tial feeding and crude concentrate with the application of the air steam mixture as the gas phase during the flotation, the increment in recovery of nickel was 2.93% and that of copper was 3.22%. The passage to the technology of jet air steam flotation when concentrating dump slags of OAO MMC Norilsk Nickel led to an increase in recovery of nickel from 45.94 to 47.34% and of copper from 78.27 to 82.77%.
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kg/m 3 ; and t is the time, s, which was found from the Newton-Richman law (2) written for a spherical bubble in a form (3) where dQ is the amount of transferred energy (J) by steam with weight m ν (kg) for time dt through the heat exchange surface with area F (m 2 ); V is the bubble vol ume, m 3 ; and p ν is the pressure, that ( Fig. 1 ) during strong bubble compression (R 0 /R), the heat exchange between the phases worsens, but the time of attaining the saturation temperature by steam does not exceed the blow by time of wetting films during the flotation, which makes them mutually dependent.
The experimentally approved dependence for cal culating the radius (R) of a bubble [10] , which decreases with time due to steam condensation, looks as follows: (4) where Ja, Pe, and Fo are the Jacob, Peclet, and Fou rier criteria:
Here, c p is the heat capacity under a constant pressure, J/(kg K); ΔT is the temperature difference of hot and cold heat carriers, K; r k is the specific condensation heat, J/kg; ω l is the velocity, m/s; λ l is the thermal con ductivity, kg m/(K s 3 ); and a l is the thermal diffusivity, m 2 /s.
It follows from Eq. (4) that the condition (8) corresponds to the complete steam condensation in a bubble, which is finished for time t k = 2.1 × 10 -2 s for bubbles with size R = 0.6 × 10 -3 m floating with veloc ity ω = 16.7 × 10 -2 m/s at thermal and mode parame ters of the steam-air flotation.
We can determine a temperature at the interphase surface [11, 12] : (9) where Nu is the Nusselt number; j is the mass flux den sity, kg/(s cm 2 ); and l is the specific heat of condensa tion, J/kg, from the condition of heat balance at the interphase surface (10) Here, the first summand (11) is the heat flux from a bubble to the interphase surface per its unit area, J/(s m 2 ), under the condition that while the second summand (12) is the heat flux from the bubble surface into liquid with the velocity of the steam-air mixture in a bubble (v νl , m/s) and condition A boundary layer of a bubble is heated due to the heat of condensation; however, due to the high ther mal conductivity of liquid, the heat flux is intensely removed from the interphase surface overheated by ΔT = (T s -T l ) = 2.5-3.5°C, which is characteristic of the flow of gas-liquid media [13] [14] [15] [16] .
Thus, the possibility of varying the results of flota tion due to heating the boundary layer of the bubbles 9 2π
Pe at Pe 100, ≥ 10 at Pe 100, by condensed water steam in conditions simulating the industrial froth agitation process is proven. A force factor which provides the variation in stability of wet ting films upon increasing the temperature is "non DLVO" (Deryagin-Landau-Vervey-Overbek) forces [17, 18] (structural forces of hydrophobic attraction and hydrophilic repulsion [19] [20] [21] ), which enter the summary isotherm of the disjoining pressure. An increase in the long range order of attraction forces is associated with the isolation of gas nanobubbles dis solved in water on hydrophobic surfaces and their coa lescence with a gas bubble [22] [23] [24] [25] .
EXPERIMENTAL
The first object of investigations were impregnated Cu-Ni ores processed at concentration factory no. 1 of OAO Kola Mining Company. The prevalence of a fine nonuniform dissemination of ore minerals from several micrometers to 1 cm and larger is characteristic of these samples. The main ore minerals of the ore sample are presented by pentlandite (12-14%), nickel carrying pyrrhotine (~75% of the total amount of sulfides), chalcopyrite (7-9%), and magnetite (right up to 40%).
Recovery into collective concentrate isolated by the flowchart and reagent mode of the concentration factory of the company and contained 8.47% Ni and 4.00% Cu was 72.11% Ni and 74.75% Cu in the exper iment performed by a principle of a continuous pro cess. The concentrate itself was fabricated as follows: minerals of Ni and Cu were recovered from the ore milled to a fineness of 80% of class -74 μm (in the presence of Na 2 CO 3 in an amount of 3 kg/t and butyl xanthate in an amount of 100 g/t) after the supply of butyl aeroflot in an amount of 60 g/t and CuSO 4 in an amount of 15 g/t into the first main flotation (10 min) and CuSO 4 in an amount of 15 g/t, butyl xanthate in an amount of 35 g/t, and butyl aeroflot in an amount of 35 g/t into the second main flotation (15 min); the crude concentrate was repurified twice with the supply of carboxymethylcellulose in an amount of 200 g/t.
Dressability of ore samples by the jet flotation flow chart was investigated in experiments simulating the closed cycle. In this case, the crude concentrate is fab ricated in two stages: the crude concentrate of the first concentration jet is isolated from a half of the initial feedstock; it is mixed with the remaining half of ore and ready crude concentrate of the second concentra tion jet is isolated and directed to repurification.
A column flotation machine (∅47 mm, H = 1970 mm) designed at OOO Research and Produc tion Enterprise Geos, into which the steam-air mix ture was supplied as a gas phase, was used in the second flotation jet to recover the Cu-Ni "head."
The increment of recovery of nickel into the con centrate was 2.93% and that of copper was 3.22%; the nickel content in the concentrate increased from 8.47 to 10.72% and that of copper increased from 4.00 to 5.03% (Fig. 2) .
The second object of the investigation was damp slags formed during smelting in reflecting furnaces and Vanyukov furnaces and stored in amount of 10.2 mln t at the industrial area of the Copper plant of OAO Noril'sk Mining Combine. Slags in amount on the order of 0.85 mln t are formed annually during its current work. They are nonuniform in chemical composition and contain 0.6-2.5% copper, 0.13-1.52% nickel, 23.74-24.80% silica, and 47.21-48.93% iron. The mineral composition of slags is as follows: chalcopyrite (0.50-2.50%), chalcosine (1.0-1.8%), bornite (0.3-0.9%), pyrrhotine (0.9-2.8%), pentlandite (0.1-1.4%), metallic copper (single inclusions), silicates (77.5-83.7%), and magnetite (9.1-16.5%).
The project ensures the flotation flowchart includ ing milling slags to a coarseness of 97-99% of class ⎯74 μm, the main flotation operation, two repurifica tions of the crude concentrate, and the additional stage of recovery of metals from repurification tails. Flotation is performed with the natural value of pulp pH = 7.8 by a mixture of butyl xanthate (250 g/t) with butyl Aeroflot (70 g/t). Xanthate in an amount of 100 g/t and aeroflot in an amount of 50 g/t are sup plied into the operation of additional flotation. Exper iments on the recovery of metals from the sample of slags under study are performed using this technology. The results are presented in Table 1 . Damp slags contain up to 50% silicate nickel; therefore, its recovery into the concentrate is low.
We further performed the collective flotation of slags by the jet flotation flowchart applying the col umn flotation machine aerated by the steam-air mixture in the second flotation jet. These investiga tions resulted in manufacturing concentration indi ces of slags (Table 2) , which prove the advantages of their processing according to the proposed flow chart. 
CONCLUSIONS
It is shown that, when a steam-air bubble suddenly contacts with underheated liquid, its surface executes damping oscillations: the bubble size decreases during the steam condensation, but the worsening heat exchange leads to its increase due to an increase in the pressure of evaporating overheated liquid. This means that a wave process in which the bubble size varies in the radial direction while the condensation and evap oration alternate one another until the equilibrium temperature is established is performed.
When concentrating the copper-nickel feedstock, the method of flotation by the steam-air mixture according to the flowchart "in two jets" is applied: the crude concentrate of the first flotation jet is isolated from half of the ore, it is mixed with the other half of the ore, and the ready crude concentrate of the second flo tation jet is isolated using the column aerosol flotation.
When concentrating the ores of the Pechenga region, the increment of recovery of nickel was 2.93% and that of copper was 3.22%. The passage to the tech nology of jet steam-air flotation when concentrating damp slags of the Copper plant of the OAO Noril'sk Nickel Mining Combine leads to an increase in recov ery of nickel from 45.94 to 47.34% and copper from 78.27 to 82.77%.
A force factor which provides the variation in sta bility of wetting films upon increasing the temperature is represented by forces of the structural nature which enter the summary isotherm of the disjoining pressure.
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